'Enterobacteriales' contains 60 genera with validly published names (www.namesforlife.com; Parte, 2014) including the recently described genus Chania (Ee et al., 2016) and an additional genus which has been recently described but the name is not yet validly published ['Atlantibacter' (Hata et al., 2016) ]. Most genera within the order 'Enterobacteriales', encompassing over 250 species, are placed within the sole family with a validly published name within the order, Enterobacteriaceae; making the family Enterobacteriaceae one of the most taxonomically diverse bacterial families currently recognized (www.namesforlife.com; Parte, 2014) . A number of distinct groupings of genera within the family Enterobacteriaceae are well known (viz. the groupings of the genera Salmonella, Citrobacter and Escherichia/Shigella, and the genera Dickeya, Pectobacterium and Brenneria, the close associations between the genera Xenorhabdus and Photorhabdus, the genera Erwinia and Pantoea, and the genera Obesumbacterium and Hafnia) (Goodrich-Blair & Clarke, 2007; Naushad et al., 2014; Octavia & Lan, 2014; Samuel et al., 2004; Zhang & Qiu, 2015; Zhang et al., 2016) , but these groupings are not recognized as unique taxonomic units.
The biochemical diversity and the large number of organisms within the order 'Enterobacteriales' has made biochemical descriptions of the order and its constituent subgroups difficult (Brenner & Farmer III, 2005; Octavia & Lan, 2014) . Our current understanding of the phylogeny and interrelationships of the members of the order 'Enterobacteriales' is primarily based on the 16S rRNA gene (Francino et al., 2006; Hauben et al., 1998; Naum et al., 2008; Spröer et al., 1999) . However, the 16S rRNA gene has low discriminatory power and interrelationships of the members of the order 'Enterobacteriales' are poorly resolved in 16S rRNA-genebased phylogenetic trees (Hauben et al., 1998; Naum et al., 2008; Octavia & Lan, 2014) . Additionally, the branching of the genera and species within 'Enterobacteriales' in 16S rRNAgene-based phylogenies shows considerable stochasticity depending on the algorithms used and the organisms analysed (Naum et al., 2008; Octavia & Lan, 2014) . Most concerning, comprehensive 16S rRNA gene phylogenetic trees for the order 'Enterobacteriales' and other members of the class Gammaproteobacteria suggest that the order 'Enterobacteriales' exhibits polyphyletic branching and does not form a coherent monophyletic grouping (Brenner & Farmer, 2005; Octavia & Lan, 2014; Yarza et al., 2008; Yilmaz et al., 2013) . A number of alternative genes have been employed in phylogenetic analysis of the order 'Enterobacteriales' in order to gain additional insight into the interrelationships of the members of the order, such as gyrB (Dauga, 2002; Fukushima et al., 2002) , dnaJ (Pham et al., 2007) , oriC (Roggenkamp, 2007) and recA (Tailliez et al., 2010) . More recently, multiple gene/proteinbased multilocus sequence analysis (MLSA) studies have been conducted to further elucidate the phylogeny of the order 'Enterobacteriales' including studies based on the genes tuf and atpD (Paradis et al., 2005) , the genes atpD, carA and recA (Young & Park, 2007) , the genes gapA, gyrA and ompA (Naum et al., 2011) , the genes rpoB, gyrB, dnaJ and recA (Hata et al., 2016) , the genes fusA, pyrG, rplB, rpoB and sucA (Ee et al., 2016) , and, most commonly, the genes gyrB, rpoB, atpD and infB (Brady et al., 2008 (Brady et al., , 2013 (Brady et al., , 2014b Glaeser & K€ ampfer, 2015; Zhang & Qiu, 2015) . These studies have led to a significant number of reclassifications within the order 'Enterobacteriales' and have alleviated many of the issues related to polyphyletic genera within the order. However, no family-level divisions within the order 'Enterobacteriales' have thus far been proposed.
The increasing prevalence and ubiquity of genome sequencing technology has led to an increasing wealth of publically available genome sequence data. Currently, there are over 14 000 genomes from 54 genera with valildy published names within the order 'Enterobacteriales' available in the NCBI genome database (http://www.ncbi.nlm.nih.gov/genome). These genome sequences are enabling the increasing use of robust and reliable core genome-based phylogenetic reconstructions in 'Enterobacteriales' research (Husník et al., 2011; Wattam et al., 2014; Zhang & Qiu, 2015; Zhang et al., 2016) , which have been shown to mitigate the effects of recombination or lateral gene transfer and provide greater resolving power than phylogenetic trees based on single genes/proteins (Ciccarelli et al., 2006; Gao et al., 2009; Rokas et al., 2003; Wu et al., 2009) . Genome sequence data is also enabling the detection of conserved molecular characteristics shared by evolutionarily related groups of organisms. One particular class of conserved molecular characteristics, which have recently been utilized to great effect in prokaryotic taxonomy are conserved signature insertions/deletions (CSIs) present in widely distributed proteins (Gupta, 2014 (Gupta, , 2016 Naushad et al., 2014) . CSIs are insertions or deletions (indels) that are uniquely present in a related group of organisms. The most parsimonious explanation of the presence of the CSI in a related group of organisms is the existence of a common ancestor in which the genetic change leading to the CSI occurred, and which was subsequently inherited by all of its various desce dents. Thus, CSIs represent synapomorphic characteristics and they provide reliable evidence, independent of phylogenetic trees, that the species from the groups in which they are found are specifically related to each other due to common ancestry. Recently, on the basis of CSIs and other molecular characteristics, the taxonomy of a number of important prokaryotic groups, ranging from genus to phylum level taxa, has been revised (Campbell et al., 2015; Gupta, 2016; Gupta et al., 2015a Gupta et al., , b, 2016 Naushad et al., 2014 Naushad et al., , 2015b Sawana et al., 2014) .
In our earlier work, a limited number of CSIs and unique proteins, referred to as conserved signature proteins, were identified that were distinctive characteristics of either all Gammaproteobacteria or were commonly shared by members from certain orders of Gammaproteobacteria which reliably grouped together in phylogenetic trees reconstructed in this work (Gao et al., 2009; Gupta, 2000) . We have also previously completed comprehensive studies in order to identify large numbers of CSIs utilized to reclassify members within the gammaproteobacterial orders Pasteurellales and Xanthomonadales (Naushad & Gupta, 2012 Naushad et al., 2015a, b) . In the present study, we have extended our earlier work on Gammaproteobacteria by carrying out comprehensive phylogenetic and comparative genomic studies on members of the order 'Enterobacteriales' to examine their evolutionary relationships and taxonomy. Using whole genome sequences of 179 representative genome sequenced members of the order 'Enterobacteriales', we have reconstructed a highly robust phylogenetic tree based on 1548 shared core proteins, as well as phylogenetic trees based on 53 ribosomal proteins and four MLSA proteins, and to identify conserved molecular characteristics that can be used to determine the interrelationships within the order 'Enterobacteriales'. Here we present five CSIs which are unique characteristics of all 'Enterobacteriales' and an additional 66 CSIs which are specific for seven main groups of genera within the order 'Enterobacteriales' identified in our phylogenetic trees. The 71 CSIs identified in this work, when combined with previously discovered CSIs (Naushad et al., 2014) and the highly robust phylogenetic trees reconstructed here, provide for a comprehensive understanding of interrelationships within the order 'Enterobacteriales' and form the basis for a novel taxonomic framework. On the basis of the phylogenetic analyses and the identified conserved molecular characteristics presented here, we propose a division of the order 'Enterobacteriales' into seven novel families.
METHODS
Phylogenetic and genomic analyses of the order 'Enterobacteriales'. Three phylogenetic trees were produced in this work utilizing 179 representative genome-sequenced members of the order 'Enterobacteriales' (Table S1 , available in the online Supplementary Material) and four members of the families Pasteurellaceae and Vibrionaceae as outgroups. Representative genomes for the genus Plesiomonas and the endosymbiotic genera Buchnera and Wigglesworthia were not included in the phylogenetic trees shown in the main figures due to the potential for phylogenetic artifacts caused by long branch attraction effects (Bergsten, 2005; Philippe et al., 2005) , but they are shown in the respective supplemental figures for each phylogenetic tree. A core genome phylogeny was produced based on the concatenated sequences of 1548 core proteins. The core protein families used in the core genome phylogeny were identified using the UCLUST algorithm (Edgar, 2010) to identify protein families which shared at least 50 % sequence identity and 50 % sequence length. The 1548 identified protein families which were present in at least 80 % of the input genomes were used in the phylogenetic analysis. The 53 ribosomal proteins were identified using HMMer 3.1 (Eddy, 2011) based on profile hidden Markov models (Table S2) obtained from the Pfam database (Finn et al., 2016) . The four MLSA proteins (viz. GyrB, RpoB, AtpD and InfB) were identified using HMMer 3.1 (Eddy, 2011) based on amino acid sequences from Escherichia coli K12 (Blattner et al., 1997) (Table S2 ) obtained from the UniProt database (UniProt Consortium, 2015) . In each case, each identified protein family was individually aligned using Clustal Omega (Sievers et al., 2011) , trimmed using Gblocks 0.91 b (Castresana, 2000) with relaxed parameters (Talavera & Castresana, 2007) , and concatenated with the other proteins in its dataset. The concatenated alignments were 458 971, 5930 and 3535 aligned amino acids long for the core protein, ribosomal protein, and MLSA protein datasets, respectively. Maximum-likelihood trees based on these concatenated alignments were reconstructed using FastTree 2 (Price et al., 2010) employing the Whelan and Goldman model of protein sequence evolution (Whelan & Goldman, 2001 ) and RAxML 8 (Stamatakis, 2014) using the Le and Gascuel model of protein sequence evolution (Le & Gascuel, 2008) . SH-like statistical support values (Guindon et al., 2010) for each branch node in the final phylogenetic trees were calculated using RAxML 8 (Stamatakis, 2014) . The resultant phylogenetic trees were drawn using MEGA 6 software package (Tamura et al., 2013) . This process was completed using an internally developed software pipeline. A manuscript for this pipeline is currently in preparation and the pipeline will be available for public use on Gleans.net once released. We have also utilized the protein families identified by the USearch algorithm (Edgar, 2010) for our core-protein-based phylogenetic tree to calculate the proportion of shared protein families in each pair of genomes in our dataset.
Identification of conserved signature indels. Conserved signature indels were identified as detailed by Gupta (2014) using protein sequences found in the genomes of Shimwellia Blattae DSM 4481
T (Brzuszkiewicz et al., 2012) , Providencia stuartii MRSN 2154 (Clifford et al., 2012) , Pragia fontium 24613 (Snopkov a et al., 2015) and Dickeya zeae Ech586 (Pritchard et al., 2013) as the starting points. BLAST (Altschul et al., 1997) searches were conducted on each of the protein sequences in these genomes that were >75 amino acids in length against the NCBI nonredundant database. From the results of the BLAST searches, 15-20 homologues belonging different genera of 'Enterobacteriales' and 6-8 species from other orders/classes of proteobacteria were selected. The selected sequences were aligned using CLUSTAL X 2.1 (Jeanmougin et al., 1998) . The alignments were then visually inspected for the presence of insertions or deletions that were flanked on both sides by at least 5-6 conserved amino acid residues in the neighbouring 30-40 amino acids. Gaps that were of a variable length or that were not flanked by conserved residues were not investigated further. Detailed BLAST searches were then carried out on short sequence segments containing the indel and the flanking conserved regions (60-100 amino acids long) and compared against the top 500 BLAST hits to determine the specificity of the indels. In some cases, an additional BLAST search was conducted to include a more diverse representation of the 'Enterobacteriales' species involving 1000 alignments, or excluding overrepresented species. SIG_CREATE and SIG_STYLE (available on Gleans.net) were then used to create Signature files for identified CSIs that were specific to the order 'Enterobacteriales' or one of its subgroups as described by Gupta (2014) . Due to the large number of genome sequences available for the order 'Enterobacteriales', the sequence alignment files presented here contain sequence information for only a limited number of species. However, unless otherwise indicated, homologues of all members of the specified groups displayed similar sequence characteristics.
RESULTS
Phylogenetic and genomic analyses of the order 'Enterobacteriales' Phylogenetic analyses of the order 'Enterobacteriales'. In this work, we have produced three phylogenetic trees for 179 representative members of the order 'Enterobacteriales', encompassing 49 genera with validly published names within the order: one tree based on 1548 core proteins, another based on 53 ribosomal proteins, and a third based on four MLSA proteins (Figs 1a-c and S1-S3). The 1548 core-protein-based phylogeny produced for this work, covering a majority of the diversity present within the order, represents one of the most comprehensive genome-based phylogenetic trees for the order 'Enterobacteriales' produced to date. Additionally, a 16S rRNA gene-based phylogenetic tree of the 'Enterobacteriales', produced as part of the All- Apart from one exception, the genera within the order 'Enterobacteriales' consistently branch together within the clades described above as distinct monophyletic groupings in the phylogenetic trees. The sole exception to these groupings is observed in the ribosomal-protein-based phylogenetic tree wherethe two representative members of the genus Sodalis, which are early branching members of the Pectobacterium-Dickeya clade in other phylogenetic trees, branch outside of the Pectobacterium-Dickeya clade, exhibiting no branching affinity for any of the main clades within the order 'Enterobacteriales' in the ribosomal-protein-based phylogenetic tree. The early branching of the genus Sodalis from other members of the Pectobacterium-Dickeya clade in the genome-and MLSA-based phylogenetic trees, and the lack of branching affinity of the genus Sodalis to any main clade within the order 'Enterobacteriales' in the ribosomalprotein-based phylogenetic tree, may be a result of the endosymbiotic adaptations of the genus Sodalis which have led to significant genome degradation and genetic divergence from its closest relatives (Toh et al., 2006) .
Enterobacter-Escherichia clade
The genera Buchnera, Plesiomonas and Wigglesworthia exhibit atypical branching characteristics and are not included in the main figures, but the results for them are presented in Figs S1b, S2b and S3b. The endosymbiotic genera Buchnera and Wigglesworthia possess extremely long branches and form a monophyletic cluster. However, the monophyletic clustering of Buchnera and Wigglesworthia is potentially a consequence of long branch attraction artefacts, compositional bias due to their small A+T-rich genomes, and rooting (Bergsten, 2005; Herbeck et al., 2005; Husník et al., 2011; Philippe et al., 2005; Williams et al., 2010) . The genera Buchnera and Wigglesworthia branch between the Enterobacter-Escherichia and the Erwinia-Pantoea clades in both the genome-and ribosomal-proteinbased phylogenetic trees (Figs S1b and S2b), but branch earlier, after the Budvicia clade, in the MLSA-based phylogenetic tree. In contrast to these two genera, the genus Plesiomonas forms an early diverging outgroup of the order 'Enterobacteriales' in the genome-and MLSA-based phylogenetic trees Figs S1b and S3b), and branches between the Vibrionaceae and Pasteurellaceae members in the ribosomalprotein-based phylogenetic tree (Fig. S2b) . It is of interest to note that Plesiomonas has historically been difficult to place in a specific taxonomic group due to its atypical phenotypic characteristics and highly recombinant genome (Janda et al., 2016; Salerno et al., 2007) . The genus Plesiomonas was originally placed within the family Vibrionaceae before transfer to the family Enterobacteriaceae (Janda, 2005; Ruimy et al., 1994) .
The genera within the 'Enterobacteriales' in the 16S rRNA gene-based phylogenetic tree (Figs 1, S1d and S4) exhibit extensive polyphyly and many of the clades identified in the genome-, ribosomal protein-, and MLSA-based phylogenetic trees are poorly resolved or unsupported in the 16S rRNA gene-based phylogenetic tree. Similar to the genome-, ribosomal protein-, and MLSA-based phylogenetic trees, a monophyletic grouping of the genera within the Enterobacter-Escherichia clade and the Erwinia-Pantoea clade is observed in the 16S rRNA gene-based phylogenetic tree. However, the members of the Erwinia-Pantoea clade branch within the Enterobacter-Escherichia clade in the 16S rRNA gene-based phylogeny instead of branching as two distinct, but related groups. In the 16S rRNA gene-based phylogenetic tree, the Yersinia-Serratia clade and the Hafnia-Edwardsiella clade, as well as the genus Budvicia from the Budvicia clade, form a highly intermixed, paraphyletic outgroup of the Enterobacter-Escherichia and Erwinia-Pantoea clades (simply labelled as the Yersinia-Serratia clade in Fig. 1d ). The Pectobacterium-Dickeya clade forms a distinct, monophyletic grouping in the 16S rRNA gene-based phylogenetic tree that is largely consistent with the branching seen in the genome-, ribosomal protein-and MLSA-based phylogenetic trees. The members of the Proteusreproduced from the All-Species Living Tree project release 123 (Yarza et al., 2008; Yilmaz et al., 2013) . The closest analogues to the clades observed in the protein-based phylogenetic trees are labelled where possible. All branches within the order 'Enterobacteriales' are shown, but not all leaves are labelled; a version of this phylogenetic tree showing labels for all branches in the phylogenetic tree is provided in Fig. S4 .
Phylogeny and taxonomy of the order 'Enterobacteriales'
Xenorhabdus clade cluster together in a paraphyletic grouping. Notably, the earliest branching members of the order 'Enterobacteriales' in the genome-, ribosomal protein-and MLSA-based phylogenetic trees (viz. the Proteus-Xenorhabdus and Budvicia clades) and the members of the Pectobacterium-Dickeya clade exhibit closer affinity to other families within the class Gammaproteobacteria (viz. Pasteurellaceae, Orbaceae and Thorselliaceae) than to the other members of the Enterobacteriaceae, making the order 'Enterobacteriales' polyphyletic in the 16S rRNA gene-based phylogenetic tree.
Genome relatedness of the members of the order 'Enterobacteriales'. The gold standard technique in microbial classification is the DNA-DNA hybridization methodology (Gevers et al., 2005; Goris et al., 2007) . Recently, in silico measures of genome to genome relatedness have been used in classification as replacements for the DNA-DNA hybridization procedure (Auch et al., 2010; Konstantinidis & Tiedje, 2005; Rosselló-Mora, 2006 ). Here we utilize a measure of genome to genome relatedness with applications for phylogeny and classification, the proportion of shared protein families in a pair of genomes, that has alternately been referred to as Percentage of Conserved Proteins (Qin et al., 2014) and Alignment Fraction (Varghese et al., 2015) in prior studies (Fig. 2 ). This measure of genome to genome relatedness is particularly useful at higher taxonomic ranks because of its large dynamic range which extends from >60 % for closely related organisms (Qin et al., 2014; Varghese et al., 2015) to <1 % for distantly related organisms (Ciccarelli et al., 2006; Dagan & Martin, 2006) . The seven main groups of genera observed in our phylogenetic trees ( Fig. 1 ) exhibit distinctly higher genome to genome relatedness to each other than to other groups of genera in our analysis of shared protein families (Fig. 2) . Additionally, the proportion of shared protein content also supports the general branching order observed in the phylogenetic trees Table S3 , and a presence/absence matrix for each of the shared protein families identified in this work is provided in Table S4 .
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with the Enterobacter-Escherichia, Erwinia-Pantoea, Yersinia-Serratia, Hafnia-Edwardsiella and Pectobacterium-Dickeya clades exhibiting a higher proportion of shared protein families with each other than to the early branching Proteus-Xenorhabdus and Budvicia clades.
Identification of conserved signature indels
Molecular characteristics which are unique to the order 'Enterobacteriales'. In this work, we have completed a comprehensive comparative analysis of the publically available genomes from members of the order 'Enterobacteriales' in order to identify discrete markers of common evolutionary ancestry in the form of CSIs. We have identified 69 CSIs which are distinctive characteristics of the order 'Enterobacteriales' and its main constituent clades. Five of these CSIs are a shared, distinguishing characteristic of the members of the order 'Enterobacteriales' in its entirety. An example of one such CSI, consisting of a single amino acid (aa) insertion in the L-arabinose isomerase protein, is shown in Fig. 3 . This insertion is present in homologues from all sequenced members (>150) from the order 'Enterobacteriales' and is absent in homologues from all other bacteria (top 1000 BLAST hits examined). More detailed information for this CSI is shown in Fig. S5 . Four additional CSIs, which are distinguishing characteristics of the members of the order 'Enterobacteriales', were identified in elongation factor P-like protein YeiP, peptide ABC transporter permease, pyrophosphatase and a hypothetical protein; sequence alignments for these CSIs are shown in Figs S6-S9 and some properties of these CSIs are briefly summarized in Table 1 . The unique shared presence of these CSIs in all of the 'Enterobacteriales', but in no other bacteria, except for one or two isolated exceptions provides evidence, independent of the phylogenetic trees, that the order 'Enterobacteriales' is monophyletic in nature and these CSIs are distinguishing characteristics of this large group of bacteria. Homologues from the genera Buchnera and Wigglesworthia were not identified in any of the five proteins containing CSIs shared by all 'Enterobacteriales', while homologues from the genus Plesiomonas were only identified for the peptide ABC transporter permease ( Fig. S8 ) and pyrophosphatase ( Fig. S9) . In both cases, the genus Plesiomonas did not share the CSI shared by all other 'Enterobacteriales'.
Molecular characteristics distinguishing the main clades within the order 'Enterobacteriales'. The main focus of this study is on the identification of unique shared characteristics, which can be used to distinguish the main groups within the order 'Enterobacteriales'. We have identified a total of 66 CSIs which distinguish the seven main groups of genera within the order 'Enterobacteriales', observed in the phylogenetic trees, from each other and from all other bacteria. A number of additional CSIs distinguishing the Pectobacterium-Dickeya clade were identified in a previous study (Naushad et al., 2014) , and the specificities were re-examined in this work. The identified CSIs which distinguish each of the seven main clades of the order 'Enterobacteriales' are described below.
Clade 1: The Enterobacter-Escherichia clade. The members of the genera Salmonella, Citrobacter, Escherichia and Shigella are a well-recognized and highly researched grouping of genera within the order 'Enterobacteriales' (Fukushima et al., 2002; Gordienko et al., 2013; Nataro et al., 2011; Samuel et al., 2004) . Escherichia coli, in particular, is one of the most important model organisms in microbiology and has been highly studied and sequenced (Blattner et al., 1997; Chaudhuri & Henderson, 2012; Gordienko et al., 2013 ; http://www.ncbi.nlm.nih.gov/genome). These genera and their closest relatives (viz. Enterobacter, Cronobacter, Klebsiella, etc.) are the largest grouping of genera within the order 'Enterobacteriales'. This grouping of genera, labelled the Enterobacter-Escherichia clade, is clearly observed in our genome-, ribosomal protein-and MLSAbased phylogenetic trees and an association between these genera is also seen in 16S rRNA gene-based phylogenies (Figs 1 and S1-S4). We have identified 21 CSIs which are shared, distinguishing characteristics of the members of the Enterobacter-Escherichia clade in our phylogenetic trees, providing evidence that the members of the EnterobacterEscherichia clade form a coherent phylogenetic grouping. An example of a unique, characterizing CSI which is shared by the members of the Enterobacter-Escherichia clade is depicted in Fig. 4(a) . The CSI consists of a 3 aa insert in the protein NADH:ubiquinone-oxidoreductase (subunit M), which is present in all of the sequenced species/homologues belonging to this group, and absent in other homologues from the 'Enterobacteriales'. More detailed information for this signature is shown in Fig. S10 and the sequence alignments for the 20 other signatures depicting the different identified CSIs which are also distinguishing characteristics of the Enterobacter-Escherichia clade are shown in Figs S11-S30 and their properties are briefly summarized in Table 2 .
Clade 2: The Erwinia-Pantoea clade. The genera Erwinia and Pantoea are a well-studied grouping of bacteria containing a number of insect and plant pathogens (Coutinho & Venter, 2009; Zhang & Qiu, 2015) . These genera and their closest relatives, labelled the Erwinia-Pantoea clade in our phylogenetic trees, exhibit a close association with the members of the Enterobacter-Escherichia clade. In our genome-, ribosomal protein-and MLSA-based phylogenetic trees, the members of the Erwinia-Pantoea clade branch as a distinct subgroup in a monophyletic grouping with the Enterobacter-Escherichia clade and branch within the Enterobacter-Escherichia clade in 16S rRNA gene-based phylogenetic trees ( Fig. 1 and Figs S1-S4). We have identified 12 CSIs that are unique distinguishing characteristics of the Erwinia-Pantoea clade and an additional 6 CSIs that are shared characteristics of both the Enterobacter-Escherichia and Erwinia-Pantoea clades. An example of each type of CSI is shown here. The first CSI consists of a single amino acid insertion in the protein glutamate-cysteine ligase that is uniquely present in all sequenced members (>20) of the Erwinia-Pantoea clade (Fig. 4b) , while the second CSI consists of a single amino acid insertion in the protein cysteine synthase A that is uniquely present in homologues from 
Other Bacteria (0/>500) Fig. 3 . A partial sequence alignment of the protein L-arabinose isomerase containing a single amino acid insert (boxed) that is exclusively found in all 'Enterobacteriales' members and is absent in other bacteria. Sequence information for a limited number of 'Enterobacteriales' and other bacteria are shown here, but unless otherwise indicated similar CSIs were detected in all members of the indicated group and not detected in any other species in the top 500-1000 BLAST hits. Dashes (-) in the alignments indicate identity with the residue in the top sequence. GenBank accession numbers for each sequence are indicated in the second column. Additional CSIs specific for 'Enterobacteriales' are presented in Table 1 and Figs S5-S9.
members of both the Enterobacter-Escherichia and ErwiniaPantoea clades (Fig. 5a ). In both cases, similar insertions were not identified in any other related protein homologues from other organisms. More detailed information for these two CSIs as well sequence alignments for the 16 other CSIs, which are specific for either the Erwinia-Pantoea clade or supporting a grouping of the Enterobacter-Escherichia and Erwinia-Pantoea clades are shown in Figs S31-S48 and their properties are briefly summarized in Table 3 .
It is of much interest that of the 12 CSI-containing proteins that are distinguishing characteristics of the Erwinia-Pantoea clade, homologues for three of them were detected in Buchnera aphidicola (Figs 4b, S31, S36 and S41). In each case, Buchnera aphidicola shared the characteristic CSIs identified in the CSI-containing proteins with the members of the Erwinia-Pantoea clade. Additionally, Buchnera aphidicola homologues were identified for two proteins containing CSIs shared by both the Enterobacter-Escherichia and Erwinia-Pantoea clades (Figs 5, S43 and S45). These results provide reliable evidence that support previous assertions that Buchnera aphidicola is specifically related to the members of the Erwinia-Pantoea clade (Husník et al., 2011) . Homologues for most of the CSI-containing proteins shared by the Erwinia-Pantoea clade or the EnterobacterEscherichia clade were not found in Wigglesworthia glossinidia and, in the few cases where they were found (Figs S24 and S36), Wigglesworthia glossinidia did not share the CSI with either of the two clades. However, Wigglesworthia glossinidia was found to specifically share a CSI in a ribonucleotide reductase stimulatory protein which is a distinguishing characteristic of both the Enterobacter-Escherichia and Erwinia-Pantoea clades (Fig. S46) . This CSI supports the view that Wigglesworthia glossinidia is also specifically related to either the Erwinia-Pantoea clade or the Enterobacter-Escherichia clade, though it is likely a more distant relative of either clade than Buchnera aphidicola.
Clade 3: The Pectobacterium-Dickeya clade. The members of the genera Dickeya, Pectobacterium and Brenneria are important plant-pathogenic bacteria (Hauben et al., 1998; Ma et al., 2007; Young & Park, 2007; Zhang et al., 2016) . Dickeya, Pectobacterium, and Brenneria branch with the genera Lonsdalea and Sodalis in our genome-and MLSA-based phylogenetic trees (Fig. 1a, c) , in a grouping referred to as the Pectobacterium-Dickeya clade. However, the genus Sodalis does not branch with the other members of this clade in our ribosomal protein-based phylogenetic tree (Fig. 1b) . Here we describe four CSIs which are shared by Brenneria, Dickeya, Lonsdalea, Pectobacterium and Sodalis providing independent evidence of the unique shared ancestry of this group of species. An example of one of these CSIs, consisting of a 2-aa insertion in a hypothetical protein that is uniquely present in homologues from Brenneria, Dickeya, Lonsdalea, Pectobacterium and Sodalis and absent in all other bacterial groups is shown in Fig. 5(b) . More detailed information for this CSI is shown in Fig. S49 . In earlier work, we have reported 10 CSIs which, at that time, were indicated to be specific for the genera Dickeya, Pectobacterium and Brenneria (Naushad et al., 2014) . A re-examination of these CSIs has shown that two of these previously identified CSIs (in a two-component sensor histidine kinase protein and flagellar motor protein MotB) were found in all members of the Pectobacterium-Dickeya clade. However, the remaining eight CSIs identified in our earlier work (and not described here) (Naushad et al., 2014) were either not found in homologues from Sodalis or the homologues of these proteins were not detected in members of the genus Sodalis, and thus they are specific for a subclade of the enlarged PectobacteriumDickeya clade described here. Sequence alignments for the three other CSIs which are distinguishing characteristics of the Pectobacterium-Dickeya clade are shown in Figs S50-S52 and their properties are briefly summarized in Table 4 .
Clade 4: The Yersinia-Serratia clade. The genus Yersinia contains the causative agent of the plague, a disease which led to one of the most devastating pandemics in human history. Consequently, the members of the genus Yersinia are the subjects of significant research interest Morelli et al., 2010; Parkhill et al., 2001; Perry & Fetherston, 1997) . In our genome-, ribosomal protein-and MLSA-based phylogenetic trees (Fig. 1a-c) , the members of the genus Yersinia are part of a distinct group which contains the genera Chania, Ewingella, Rahnella, Rouxiellaand Serratia, referred to as the Yersinia-Serratia clade. We have identified three CSIs which are shared, distinguishing characteristics of the members of the Yersinia-Serratia clade, providing independent evidence that the members of these genera shared a unique common ancestor. One example of such a CSI, shown in Fig. 6(a) , consists of a single aa insertion in the TetR family transcriptional regulator protein found in homologues from the members of the YersiniaSerratia clade. More detailed information for this signature 
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(b) Fig. 4 . Partial sequence alignments of (a) the protein NADH:ubiquinone oxidoreductase (subunit M) containing a three amino acid insert (boxed) that is exclusively found in all members within the Enterobacter-Escherichia clade, and (b) the protein glutamate -cysteine ligase containing a single amino acid insert (boxed) exclusive to members within the Erwinia-Pantoea clade. Additional CSIs specific for these clades are presented in Table 2 and Figs S10-S30 for the Enterobacter-Escherichia clade and Table 3 and Figs S31-S42 for the Erwinia-Pantoea clade.
as well as sequence alignments for the two other identified CSIs which are distinguishing characteristics of the Yersinia-Serratia clade are shown in Figs S53-S55 and their properties are briefly summarized in Table 4 .
Clade 5: The Hafnia-Edwardsiella clade. The genera Edwardsiella, Hafnia and Obesumbacterium are minor pathogens of animals and humans (Huys et al., 2010; Janda & Abbott, 2006; Koivula et al., 2006; Janda & Abbott, 1993 ). An association between the genera Hafnia and Obesumbacterium has been observed in a number of previous studies (Octavia & Lan, 2014; Paradis et al., 2005; Priest & Barker, 2010) , however, the genus Edwardsiella shows limited association with the genera Hafnia and Obesumbacterium in 16S rRNA genebased phylogenetic trees (Fig. S4) . The genera Edwardsiella, Hafnia and Obesumbacterium form a distinct phylogenetic grouping, referred to as the Hafnia-Edwardsiella clade, in our genome-, ribosomal protein-and MLSA-based phylogenetic trees (Fig. 1a-c) . We have also identified four CSIs which are shared by Edwardsiella, Hafnia and Obesumbacterium. An example of one CSI that is uniquely shared by the members of the Hafnia-Edwardsiella clade is shown in Fig. 6(b) . This CSI consists of a 4-aa insertion in the two-component system response regulator protein GIrR, which is uniquely found in homologues from Edwardsiella, Hafnia and Obesumbacterium. More detailed information for this CSI and the sequence alignments for the three other CSIs which are distinguishing characteristics of the Hafnia-Edwardsiella clade are shown in Figs S56-S59 and their properties are briefly summarized in Table 4 .
Clade 6: The Proteus-Xenorhabdus clade. The genera Xenorhabdus and Photorhabdus are a closely related group of symbiotic bacteria associated with nematode hosts with which they have synergistic entomopathogenic effects against insects (Forst et al., 1997; Nielsen-LeRoux et al., 2012) . Previous research has suggested that the closest evolutionary neighbours of Xenorhabdus and Photorhabdus are the genera Arsenophonus, Proteus and Providencia (Boemare & Akhurst, 2006; Tailliez et al., 2010; Trowbridge et al., 2006) . However, Xenorhabdus, Photorhabdus, Arsenophonus, Proteus and Providencia do not form a monophyletic clade in 16S rRNA gene-based phylogenetic trees (Fig. 1d) . In our genome-, ribosomal protein-and MLSA-based phylogenetic trees (Fig. 1a-c) , the genera Arsenophonus, Moellerella, Morganella, Photorhabdus, Proteus, Providencia and Xenorhabdus form a distinct, monophyletic grouping, referred to as the Proteus-Xenorhabdus clade. We have identified seven CSIs which are uniquely shared characteristics of the members of the Proteus-Xenorhabdus clade. One of these CSIs, a 1-aa deletion in the protein dihydrolipoamide succinyltransferase, in homologues from the Proteus-Xenorhabdus clade, is shown in Fig. 7(a) . More detailed information for this CSI as well as the sequence information for thesix other identified CSIs which are distinguishing characteristics of the Proteus-Xenorhabdus clade are shown in Figs S60-S66 and their properties are briefly summarized in Table 4 . These CSIs provide independent evidence in support of the inference from core genome-, ribosomal proteinand MLSA-based phylogenetic trees, that the members of the Proteus-Xenorhabdus clade form a monophyletic clade derived from a unique common ancestor. 
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. Partial sequence alignments of (a) the protein cysteine synthase A containing a single amino acid insert (boxed) that is shared exclusively by members of both the Enterobacter-Escherichia clade and the Erwinia-Pantoea clade, and (b) a hypothetical protein containing a two amino acid insert (boxed) exclusive to members within the Dickeya-Pectobacterium clade. Additional CSIs specific for these clades are presented in Table 3 and Figs S43-S48 for CSIs shared by both the EnterobacterEscherichia and Erwinia-Pantoea clades, Table 4 and Figs S49-S52 for the Dickeya-Pectobacterium clade.
Clade 7: The Budvicia clade. The members of the genera Budvicia, Leminorella and Pragia are characterized by their H 2 S-positive phenotypes and have long been thought to be related (Janda, 2006; Paradis et al., 2005; Schindler et al., 1991; Spröer et al., 1999) . A grouping of these three genera, referred to as the Budvicia clade, is observed in our genomeribosomal protein-and MLSA-based phylogenetic trees (Fig. 1a-c) . A previously reported CSI in the atpD gene also supports a specific relationship of the genera Budvicia, Leminorella and Pragia (Paradis et al., 2005) . Here, we have identified nine additional CSIs which are shared by these three genera. One example of a CSI shared by the genera Budvicia, Leminorella and Pragia is shown in Fig. 7(b) . The CSI consists of a 4-aa insertion in the protein bifunctional protein-disulfide isomerise/oxidoreductase DsbC in homologues from Budvicia, Leminorella and Pragia which is absent in homologues from all other species. Detailed information for this signature is shown in Fig. S67 . Sequence alignments for the eight additional CSIs which are also distinguishing characteristics of the Budvicia clade are shown in Figs S68-S75 and their properties are briefly summarized in Table 4 .
DISCUSSION
Understanding the phylogeny and interrelationships of the genera within the order 'Enterobacteriales' has proven difficult using the 16S rRNA gene and other single-gene based approaches (Dauga, 2002; Francino et al., 2006; Fukushima et al., 2002; Hauben et al., 1998; Naum et al., 2008; Pham et al., 2007; Roggenkamp, 2007; Spröer et al., 1999; Tailliez et al., 2010) . The advent of ubiquitous genome sequencing technology now presents us with a wealth of genomic sequence data from a broad range of organisms, spanning a majority of the diversity within the order 'Enterobacteriales' (http://www.ncbi.nlm.nih.gov/genome), from which novel and reliable inferences regarding the evolutionary relationships of the genera within the order 'Enterobacteriales' can be drawn. The analyses of the members of the order 'Enterobacteriales' presented here, consisting of phylogenetic reconstructions based on 1548 core proteins, 53 ribosomal proteins and four MLSA proteins (Fig. 1a-c) , analyses of overall genome similarity (Fig. 2) , and the identification of shared distinguishing molecular characteristics (Fig. 8 , Tables 1-4), represent the first comprehensive, genomescale taxonomic analysis of the entirety of the order 'Enterobacteriales'.
The phylogenetic trees produced in this study, utilizing 1548 core proteins, 53 ribosomal proteins and four MLSA proteins from 179 representative genomes from the order 'Enterobacteriales', consistently support the existence of the seven main groups of genera within the order. Additionally, an independently created genome-based phylogenetic tree produced by the curators of the PATRIC database (Wattam et al., 2014) utilizing over 1000 genome sequences from members of the order 'Enterobacteriales' exhibits highly similar inter-genus level branching to the phylogenetic trees produced in this work and supports the same groupings. The seven main groupings of genera were also supported by a measure of genomic similarity known as Percentage of Conserved Proteins (Qin et al., 2014) or Alignment Fraction (Varghese et al., 2015) (Fig. 2) which is based on the shared gene/ protein families present in the genomes. Conversely, phylogenetic trees produced based on the 16S rRNA gene sequence (Fig. 1d) exhibit limited ability to resolve the clades identified in the genome-, ribosomal protein-and MLSA-based phylogenetic trees (Hauben et al., 1998; Naum et al., 2008; Octavia & Lan, 2014) . Additionally, the branching of the genera and species within the order 'Enterobacteriales' in 16S rRNA genebased phylogenies shows considerable stochasticity depending on the algorithms used and the organisms analysed (Naum et al., 2008; Octavia & Lan, 2014) . Overall, the results obtained here substantiate previous suggestions that the 16S rRNA gene possesses limited utility in accurate phylogenetic reconstruction of inter-genus level relationships within the order 'Enterobacteriales' (Naum et al., 2008 (Naum et al., , 2011 Octavia & Lan, 2014) .
The CSIs identified in this work provide a novel means of elucidating the common evolutionary ancestry of different groups within the order 'Enterobacteriales' independently of phylogenetic trees. The most parsimonious explanation of the unique presence of multiple CSIs in a related group of organisms is the existence of a unique shared ancestor in which the genetic changes leading to these CSIs occurred which were then inherited by the descendent species. Thus, CSIs which are restricted to well-defined groups of organisms can be treated synapomorphic traits and used as independent support of monophyletic phylogenetic relationships (Gupta, 2014; Jones, 2012; Rokas & Holland, 2000) . Here we describe 71 CSIs which are distinctive characteristics of the order 'Enterobacteriales' and its main constituent clades. Five of the identified CSIs are shared by the entire order 
(a) Fig. 6 . Partial sequence alignments of (a) the protein TetR family transcriptional regulator containing a single amino acid insert (boxed) that is exclusively found in all members within the Yersinia-Serratia clade, and (b) the protein two-component system response regulator GIrR containing a single amino acid insert (boxed) exclusive to members within the Hafnia-Edwardsiella clade. Additional CSIs specific for these clades are presented in Figs S53-S55 for the Yersinia-Serratia clade and Table 3 and Figs S56-S59 for the Hafnia-Edwardsiella clade, and their characteristics are briefly described in Table 4 .
(b) Fig. 7 . Partial sequence alignments of (a) the protein Xaa-Pro dipeptidase containing single amino acid deletion (boxed) that is exclusively found in all members within the Proteus-Xenorhabdus clade, and (b) the protein bifunctional protein-disulfide isomerise/oxidoreductase DsbC containing a four amino acid insert (boxed) exclusive to members within the Budvicia clade. Additional CSIs specific for these clades are presented in Figs S60-S66 for the Proteus-Xenorhabdus clade and Table 3 and Figs S67-S75 for the Budvicia clade, and their characteristics are briefly described in Table 4 .
genera seen in the genome-, ribosomal protein-and MLSAbased phylogenetic trees produced in this work. Additionally, it is now possible to differentiate these groups of genera from each other and all other bacteria on the basis of the presence or absence of these unique CSIs either in silico or utilizing PCR-based assays (Ahmod et al., 2011; Wong et al., 2014) .
The single constituent family within the order 'Enterobacteriales' contains over 60 genera and 250 species, making the family Enterobacteriaceae one of the most taxonomically diverse bacterial families (www.namesforlife.com; Parte, 2014) . The analyses completed in this study, including phylogenetic reconstructions based on 1548 core proteins, 53 ribosomal proteins and four multilocus sequence analysis (MLSA) proteins, analysis of overall genome similarity, and the identification of shared CSIs, strongly support the existence of at least seven main groups within the order 'Enterobacteriales'. A division of the family Enterobacteriaceae into additional family-level taxa would provide a more coherent taxonomic framework for the order 'Enterobacteriales' that more accurately reflects the interrelationships of the various groups of genera within the order. Additionally, a new taxonomic framework for the order 'Enterobacteriales' would guide future taxonomic revisions and play a significant role in reducing the prevalence of polyphyletic genera within the order (Brady et al., 2013; Brenner & Farmer III, 2005; Octavia & Lan, 2014 (Table S5 ). The branching affinity of the genera Buchnera and Wigglesworthia within the order 'Enterobacteriales' has been difficult to resolve in past studies (Herbeck et al., 2005; Husník et al., 2011; Lerat et al., 2003; Williams et al., 2010) . Here, we have observed that the genera Buchnera and Wigglesworthia branch between the Enterobacter-Escherichia and the Erwinia-Pantoea clades in both the genome-and ribosomal protein-based phylogenetic trees. Furthermore, the genus Buchnera shares five CSIs with either the Erwinia-Pantoea clade or both the Enterobacter-Escherichia and the Erwinia-Pantoea clades, while the genus Wigglesworthia shares a single CSI with both the Enterobacter-Escherichia and the Erwinia-Pantoea clades. These findings provide strong suggestive evidence of a specific relationship between the genus Buchnera and the Erwinia-Pantoea clade and evidence for an association between the genus Wigglesworthia and both the Enterobacter-Escherichia and the Erwinia-Pantoea clades. Thus, at present, the genera Buchnera and Wigglesworthia will be assigned to the Erwinia-Pantoea clade (Erwiniaceae fam. nov.). The genus Plesiomonas is difficult to place in any of the described families based on phylogeny, CSIs, and 16S rRNA gene sequence identity. Additionally, the homologues of the CSI-containing proteins, specific for all 'Enterobacteriales', which were found in the genus Plesiomonas did not contain the CSIs shared by all other members of the order 'Enterobacteriales'. Further, the genus Plesiomonas was found to consistently branch either earlier than all other members of the 'Enterobacteriales' or with greater affinity to other orders within the class Gammaproteobacteria in phylogenetic trees. These results suggest that the genus Plesiomonas has limited association with other members of the order 'Enterobacteriales' and it may not belong in the order at all. Thus, the genus Plesiomonas will not assigned to any family within the order 'Enterobacteriales', at present, and will be considered family incertae sedis. A summary of the taxonomic revisions proposed here is available in Fig. 8 and descriptions of the new and emended taxa are provided below.
Nomenclature of the order 'Enterobacteriales'
The name of the order 'Enterobacteriales' has never been validly published in accordance to the rules of the International Code of Nomenclature of Bacteria (Lapage et al., 1992 (Brenner, 1983; Wayne, 1982) . Thus, an order with the type genus Escherichia should be named 'Escherichiales', not 'Enterobacteriales', according to the rules of the International Code of Nomenclature of Bacteria (Lapage et al., 1992) . Furthermore, an order with the type genus Enterobacter should be named 'Enterobacterales' not 'Enterobacteriales'. To limit the confusion regarding the nomenclature of the 'Enterobacteriales' which could arise if the name 'Escherichiales' were to be used to describe the order, we have chosen to utilize the name Enterobacterales ord. nov. with the type genus Enterobacter to describe the order containing the family Enterobacteriaceae.
Description of the order Enterobacterales ord. nov. The type genus is Enterobacter.
Emended description of the family Enterobacteriaceae (Approved Lists 1980)
The family Enterobacteriaceae contains the type genus Escherichia (Castellani & Chambers, 1919; Lapage et al., 1992) and the genera 'Atlantibacter' (Hata et al., 2016) , Biostraticola (Verbarg et al., 2008) , Buttiauxella (Ferragut et al., 1981) , Cedecea (Grimont et al., 1981), Citrobacter (Werkman & Gillen, 1932) , Cronobacter (Iversen et al., 2008) , Enterobacillus (Patil et al., 2015) , Enterobacter (Rahn, 1937) , Franconibacter (Stephan et al., 2014) , Gibbsiella (Brady et al., 2010a) , Izhakiella (Aizenberg-Gershtein et al., 2016), Klebsiella (Drancourt et al., 2001) , Kluyvera , Kosakonia (Brady et al., 2013) , Leclercia (Tamura et al., 1986) , Lelliottia (Brady et al., 2013) , Mangrovibacter (Rameshkumar et al., 2010) , Pluralibacter (Brady et al., 2013) , Pseudocitrobacter (K€ ampfer et al., 2014), Raoultella (Drancourt et al., 2001) , Rosenbergiella (Halpern et al., 2013a) , Saccharobacter (Yaping et al., 1990) , Salmonella (Lignieres, 1900) , Shigella (Castellani & Chambers, 1919) , Shimwellia (Priest & Barker, 2010) , Siccibacter (Stephan et al., 2014 ), Trabulsiella (McWhorter et al., 1991 , and Yokenella (Kosako et al., 1984) . All genera belonging to this group are catalase-positive and oxidase-negative. Members of the family Enterobacteriaceae form a distinct monophyletic cluster in genome-and multi-gene-based phylogenetic trees and can be distinguished from all other members of the order Enterobacterales by 21 conserved signature indels in the proteins NADH:ubiquinone oxidoreductase (subunit M), twitching motility protein PilT, 2,3-dihydroxybenzoate-AMP ligase, ATP/GTP-binding protein, multifunctional fatty acid oxidation complex (subunit alpha), S-formylglutathione hydrolase, aspartate-semialdehyde dehydrogenase, epimerase, membrane protein, formate dehydrogenylase (subunit 7), glutathione Stransferase, major facilitator superfamily transporter, phosphoglucosamine mutase, glycosyl hydrolase 1 family protein, 23S rrna [uracil(1 939)-C(5)]-methyltransferase, co-chaperone HscB, N-acetylmuramoyl-L-alanine amidase, sulfate ABC transporter ATP-binding protein CysA, and LPS assembly protein LptD (Table 2) .
Description of Erwiniaceae fam. nov.
Erwiniaceae (Er.wi.ni.a.ce¢ae. N.L. fem. n. Erwinia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Erwiniaceae the family whose nomenclatural type is the genus Erwinia).
The family Erwiniaceae contains the type genus Erwinia (Hauben et al., 1998) and the genera Buchnera (Munson et al., 1991) , Pantoea (Brady et al., 2010b) , Phaseolibacter (Halpern et al., 2013b) , Tatumella (Hollis et al., 1981) and Wigglesworthia (Aksoy, 1995) . These bacteria are catalasepositive, oxidase-negative, and do not produce indole or hydrogen disulfide. Most species are positive for VogesProskauer, with the exception of Erwinia toletana, Erwinia. typographi and some strains of Erwinia oleae. Members of the family Erwiniaceae form a distinct monophyletic cluster in genome-and multi-gene-based phylogenetic trees and can be distinguished fromall other bacteria by 12 conserved signature indels in the proteins glutamate-cysteine ligase, DNA gyrase (subunit B), LPS assembly protein LptD, Thiol: disulfide interchange protein DsbA precursor, two-component sensor histidine kinase, RNA helicase, tRNA pseudouridine(13) synthase TruD, glycine/betaine ABC transporter ATP-binding protein, superoxide dismutase, and stationary phase inducible protein CsiE (Table 3) .
The type genus is Erwinia.
Description of Pectobacteriaceae fam. nov.
Pectobacteriaceae (Pec.to.bac.te.ri.a.ce¢ae N.L. neut. n. Pectobacterium type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Pectobacteriaceae the family whose nomenclatural type is the genus Pectobacterium).
The family Pectobacteriaceae contains the type genus Pectobacterium (Hauben et al., 1998) and the genera Brenneria (Brady et al., 2014a) , Dickeya (Samson et al., 2005) , Lonsdalea (Brady et al., 2012) , and Sodalis (Dale & Maudlin, 1999) . Members of the family produce acid from N-acetylglucosamine and are negative for arginine dihydrolase, orthinine decarboxylase and lysine decarboxylase. These bacteria are catalase-positive, oxidase-negative, and do not produce hydrogen disulfide. Members of the family Pectobacteriaceae form a distinct monophyletic cluster in genome-and multigene-based phylogenetic trees and can be distinguished from all other bacteria by four conserved signature indels in the proteins transcriptional activator RhaS, flagellar motor protein MotB, a two-component sensor histidine kinase protein and a hypothetical protein (Table 4) .
The type genus is Pectobacterium.
Description of Yersiniaceae fam. nov.
Yersiniaceae (Yer.si.ni.a.ce¢ae. N.L. fem. n. Yersinia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Yersiniaceae the family whose nomenclatural type is the genus Yersinia).
The family Yersiniaceae contains the type genus Yersinia (Van Loghem, 1944) and the genera Chania (Ee et al., 2016) , Ewingella (Grimont et al., 1983) , Rahnella (Izard et al., 1978) , Rouxiella (Le Fleche-Mateos et al., 2015) , Samsonia (Sutra et al., 2001) , and Serratia (Bizio, 1823) . These bacteria are motile, catalase-positive, and do not produce hydrogen disulfide. Members of the family Yersiniaceae form a distinct monophyletic cluster in genome -and multigene-based phylogenetic trees and can be distinguished from all other bacteria by three conserved signature indels in the protein TetR family transcriptional regulator and a hypothetical protein (Table 4) .
The type genus is Yersinia.
Description of Hafniaceae fam. nov.
Hafniaceae (Haf.ni.a.ce¢ae. N.L. fem. n. Hafnia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Hafniaceae the family whose nomenclatural type is the genus Hafnia).
The family Hafniaceae contains the type genus Hafnia (Møller, 1954) and the genera Edwardsiella (Ewing et al., 1965) and Obesumbacterium (Shimwell, 1963) . Members are catalase-positive, oxidase-negative, and negative for lysine decarboxylase. These bacteria are also able to grow on MacConkey media, and are capable of reducing nitrate. Members of the family Hafniaceae form a distinct monophyletic cluster in genome-and multi-gene-based phylogenetic trees and can be distinguished from all other bacteria by four conserved signature indels in the proteins two-component system response regulator GIrR, glucose-1-phosphate adenylyltransferase, transcriptional activator NhaR, and the hybrid sensor histidine kinase/response regulator ( Table 4) .
The type genus is Hafnia.
Description of Morganellaceae fam. nov.
Morganellaceae (Mor.ga.nel.la.ce¢ae. N.L. fem. n. Morganella the type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Morganellaceae the family whose nomenclatural type is the genus Morganella).
The family Morganellaceae contains the type genus Morganella (Fulton, 1943) and the genera Arsenophonus (Gherna et al., 1991) , Cosenzaea (Giammanco et al., 2011) , Moellerella (Hickman- Brenner et al., 1984) , Photorhabdus (Boemare et al., 1993) , Proteus (Hauser, 1885) , Providencia (Ewing, 1962) and Xenorhabdus (Thomas & Poinar Jr, 1979) . These bacteria are oxidase-negative, and negative for arginine decarboxylase and Voges-Proskauer. Members of the family Morganellaceae form a distinct monophyletic cluster in genome-and multigene-based phylogenetic trees and can be distinguished from all other bacteria by seven conserved signature indels in the proteins dihydrolipoamide succinyltransferase, Xaa-Pro dipeptidase, bifunctional UDP-sugar hydrolase (5¢-nucleotidase), transcriptional repair coupling factor, phosphate acetyltransferase, histidine-tRNA ligase, and N-acetylmuramoyl-L-alanine amidase (Table 4) .
The type genus is Morganella.
Description of Budviciaceae fam. nov.
Budviciaceae (Bud.vi.ci.a.ce¢ae. L. fem. n. Budvicia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Budviciaceae the family whose nomenclatural type is the genus Budvicia).
The family Budviciaceae contains the type genus Budvicia (Lang et al., 2013) and the genera Leminorella (Hickman- Brenner et al., 1985) and Pragia (Aldov a et al., 1988). Members are catalase-positive, oxidase-negative, and negative for indole, arginine dihydrolase, orthinine decarboxylase, and lysine decarboxylase. These bacteria are capable of producing hydrogen disulfide and reducing nitrate, but are incapable of growing on KCN media. Members of the family Budviciaceae form a distinct monophyletic cluster in genome-and multigene-based phylogenetic trees and can be distinguished from all other bacteria by nine conserved signature indels in the proteins bifunctional protein-disulfide isomerise/oxidoreductase DsbC, L-methionine/branched chain amino acid transporter, D-alanine-D-alanine ligase, and hypothetical proteins (Table 4) .
The type genus is Budvicia.
